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Introduction
Extensive plantations of non-native, highly-productive tree species having high commercial value of wood have been carried out in several countries. However, to ensure sustainable management, it is necessary to know the effects of planted tree species on ecosystem diversity, structure and function (Augusto et al. 2003 , Gilliam 2007 .
Understanding the effect of planted trees on understory species is important because these species play an important role in the functioning of forest ecosystems. Tree species in the stand can affect understory vegetation by changing the physical and chemical features of the litter and topsoil, as well as the leaf area index, which determines the amount of light reaching the understory (Kirby 1988 , Augusto et al. 2003 , Jennings et al. 1999 , North et al. 2005 , Estevan et al. 2007 , Barbier et al. 2008 . Several studies on the impact of tree species on leaf-litter (Facelli & Pickett 1991 , Ellsworth et al. 2004 ) and soil properties (Ewald 2000 , Neirynck et al. 2000 , Aubert et al. 2004 , Hagen-Thorn et al. 2004 , Marcos et al. 2010 ) have been conducted. Previous studies have also compared the stand structure of plantations and natural forests (Kint et al. 2006) and the effects of overstory species on understory plant species (Deal 2007 , Gracia et al. 2007 , Marcos et al. 2007 , Riepsas & Straigyte 2008 , Straigyte et al. 2012 .
To improve forestry practices and account for forest ecosystem biodiversity, additional studies that compare stand structure and its effects on the understory vegetation of plantations and natural forests are crucial, especially in stands including non-native species. The presence of a second (intermediate) tree layer greatly modifies understory vegetation, especially due to its effects on light regimes and site properties.
European beech (Fagus sylvatica L.) is the most commercially important tree species in central Europe. Beech is a shade-tolerant, highly competitive species that tolerates a wide variety of environmental conditions (Leuschner et al. 2006) . However, beech is sensitive to drought, which restricts its distribution mainly to sub-oceanic regions.
Beech is one of the most recent tree species spreading to northern European territories after the last glaciation. Although European beech may still be migrating northwards, it is limited by various climatic factors (Björk-man & Bradshaw 1996) . The north-eastern limit of its range is primarily determined by low winter temperatures and late spring frosts (Huntley et al. 1989 , Augustaitis et al. 2012 . It has been argued that European beech is expanding its range in northeastern Europe (Giesecke et al. 2007 , Bolte et al. 2010 . Due to climate change, mean annual air temperature at the northeastern bounds of its distribution is expected to increase by a further 2-5 °C by the end of this century (IPCC 2007) . Climate warming is predicted to increase winter precipitation but slightly decrease summer rainfall (IPCC 2007) ; these changes may favor the expansion of European beech in north-eastern Europe.
Only a few studies have examined European beech tree growth and its effect on understory vegetation outside its natural distribution range. The aim of this study was to test differences of the stand structure, understory vegetation and site properties between natural Scots pine (Pinus sylvestris L.) forest Understanding how the planting of non-native species impacts native vegetation is of most importance for forest management, as introduced species may alter environmental conditions with respect to soil composition, light intensity, and species composition. Here, we compared the stand structure, understory vegetation and site properties of a natural Scots pine (Pinus sylvestris L.) stand with Norway spruce (Picea abies (L.) Karst.) and European beech (Fagus sylvatica L.) as the second tree layer. We recorded saplings and species and their abundance in the understory vegetation, the thicknesses of organic (O) and humus (A) soil layers, soil pH and light indexes in nine Scots pine stands with a second tree layer of beech and in nine control pine stands with a second tree layer of spruce. An ordination method was used to analyze all the data together and ANOVA to determine whether there were differences between stands. We found that species diversity in pine stands with planted beech as the second layer was lower than in pine stands with spruce as the second layer. In pine stands with beech as the second tree layer, shrub, herb and moss cover was significantly lower, and the soil humus layer and organic soil layer were thicker and thinner, respectively. Stand parameters such as mean volume and mean annual increment of the second tree layer were significantly higher in pine stands with planted beech as the second tree layer than in pine stand with spruce as the second tree layer. The mean volume and the mean annual increment of the first tree layer dominated by Scots pine did not differ significantly between stands with planted beech and those with natural spruce. Scots pine stands with a beech second layer had negative effects on understory species richness and abundance. This effect was most likely due to the lower light transmittance and poor physical properties of the forest-floor litter in the Scots pine stands with planted beech.
Keywords: Non-native Tree Species, Fagus sylvatica, Litter, Pinus sylvestris, Soil, Species Richness, Vegetation, Vertical Structure with a Norway spruce (Picea abies (L.) Karst.) as second tree layer and Scots pine stand with a second tree layer of planted European beech growing outside of its distribution area. We hypothesized that planted beech trees as a second tree layer affect stand structure, species diversity, soil properties, and light conditions of pine stands.
Material and methods

Study area
The study area was situated about 150 km north-east of the limit of the natural distribution of European beech in Poland (Fig. 1) . The study plots were located in the western part of Lithuania in the forests of Norkaiciai (55.448 N; 21.519 E) and Viesvile (55.078 N; 22.397 E) .
The altitude at the study site was 50-70 m a.s.l. The average annual temperature was 6.3-6.8 °C, with an average January (coldest month) temperature of -3.2 °C and an average July (warmest month) temperature of 16.3 °C. Annual precipitation was 750-800 mm. The frost-free period lasts 160-170 days, with permanent snow cover for 75-80 days (Bukantis 1994) . The study area was characterized by sandy, acidic, nutrient-poor soils, and pure Scots pine stands were the prevailing forest type.
The study was carried out on 90-125-yearsold Scots pine stands with a second layer dominated by Norway spruce or European beech. European beech was planted during the period [1945] [1946] [1947] [1948] [1949] [1950] [1951] [1952] [1953] [1954] [1955] 
Sampling
Sampling of stand parameters included recording saplings and species and their abundance in the understory vegetation, and determining the thicknesses of organic (O) and humus (A) soil layers, soil pH and light indexes in nine Scots pine stands with a second tree layer of beech and in nine control pine stands with a second tree layer of spruce. Control stands were located close to stands with beech.
Sampling was conducted in July and August 2011. A circular sample plot with an area of 500 m 2 (r = 12.62 m) was laid out in a homogenous area located in the center of each stand. The diameters of all trees (dbh > 8 cm) were measured at a height of 1.3 m. Five to ten trees of medium height for each species were selected and their height measured using the ultrasonic hypsometer Vertex III. Age was determined by counting the number of tree rings in cores from five trees. Tree density, basal area and volume were estimated for each stand. Volume was estimated using local models used in the inventory of Lithuanian forests (Repšys 1994) . The number of saplings was recorded in 50 m 2 circular sample plots, and species and heights of saplings were noted. Trees of up to 4 m in height were considered as saplings (Repšys 1994) .
Herbaceous and moss species composition and abundance were recorded for each species according to the Braun-Blanquet method (Braun-Blanquet 1983) . The overall percentage of cover for each vegetation layer (trees I and II layers, shrub, herb and moss layers) was also estimated. All plant species were classified according to the nomenclature of Jankevičiene (1998) . Tree species were assigned to different layers according to their heights (shrub layer, trees up to 4 m; tree II layer, trees whose height differed by more than 25% from tree I layer). In each plot, the thicknesses of the organic (O) soil and humus (A) soil layers were obtained by averaging the results of a set of five replicate measurements. Composite soil samples of 0-10 cm mineral soil layers were sampled for pH measurements, carried out potentiometrically in a 1 M CaCl2 suspension at the Agrochemical Research Laboratory. Light availability was quantified by digital hemispherical photographs taken in the center of each plot using the equipment and software Hemiview (Delta-T devices Ltd., Cambridge, UK). A self-leveling camera mounted on tripod was positioned 1 m above the ground. The camera was oriented to magnetic north, and exposure and aperture were set according to the manufacturer's recommendations (Delta-T Devices Ltd., Cambridge, UK). To obtain high-quality, evenly exposed photographs, photos were taken when the sky was overcast. Photographs were analyzed using the Hemiview software. Image classification was performed manually using the threshold algorithm Hemiview according to the recommendations in the user manual. For further data analyses, we used the indirect site factor (ISF), direct site factor (DSF), global site factor (GSF) and leaf area index (LAI) as measures of light intensity (Webb 1999) .
Data analyses
An ordination method was used to analyze all the data from seven plots pooled together. Vegetation data (abundance of each species) fwere considered as the dependent (response) variables. Tree, shrub, herb and moss layer cover, and stand (volume and mean annual increments of I and II stand layers), soil (thickness of O and A layers, soil pH) and light (ISF, DSF, GSF, LAI) parameters were independent (explanatory) variables in the analysis. Detrended Correspondence Analysis (DCA) was first applied to test the data set for unimodality. Since the length of the gradient was long (more than 3SD), a Canonical Correspondence Analysis (CCA) was used to compare all the results globally (Lepš & Šmilauer 2003) . Generalized additive modeling (GAM) was then applied to assess species responses on the CCA axes (Lepš & Šmilauer 2003) . The CANOCO package was used for both ordination ana- Shannon's (H) and Simpson's (D) diversity indexes were calculated to assess differences in species richness among plots. ANOVA was performed using species richness, stands, soil parameters and light indexes to verify whether there were differences between pine stands with spruce as the second tree layer and pine stands with beech as the second tree layer.
Results
The joint comparison obtained by CCA differentiated the studied stands (Fig. 2) . CCA of vegetation data with stand structure parameters, soil properties and light indexes indicated that pine stands with beech as the second tree layer clustered mostly together and were distinct from pine stands with spruce as the second tree layer along CCA Axis 1.
Compared to Scots pine stands with spruce, Scots pine stands with planted beech were associated with thicker humus (A) soil layers and more abundant second tree layers, with higher volume, a mean annual increment of second stand layer and LAI. Pine stands with spruce as the second tree layer were associated with thicker organic (O) soil layers, more abundant moss, herb and shrub coverage, higher volume, a mean annual increment of first stand layer, ISF, DSF and GSF (Tab. 1). Results from ANOVA carried out on species number, Shannon's and Simpson's diversity indexes showed significant differences between pine stands with either beech or spruce as second tree layers. Species diversity in pine stands with spruce as the second layer was higher than in pine stands with planted beech as the second tree layer (Tab. 2). Stand structure parameters such as vegetation layer coverage were significantly different (except tree layer I) in the two forest types. Shrub, herb and moss layer cover was significantly lower in pine stands with beech as the second tree layer than in pine stands with spruce as the second tree layer. This was also the case for soil O and A layers. There was no significant difference in pH values (Tab. 2).
The ANOVAs carried out on stand parameters, including mean volume and mean annual increment of the second tree layer, showed significant differences between pine stands with beech and those with spruce, and the mean volume and mean annual incre- ment of the second tree layer was higher in pine stands with planted beech (Tab. 3). Mean volume and the mean annual increment of the first tree layer dominated by pine did not differ significantly between the two types of stand (Tab. 3).
Results of the ANOVA carried out on light indexes clearly showed that ISF, DFS and GSFs were higher in pine stands with spruce as the second tree layer, and that the LAI was higher in pine stands with beech as the second tree layer (Tab. 4). Five tree sapling species in pine stands with European beech as the second tree layer were found. The mean density was highest for Acer platanoides and Tilia cordata saplings. Quercus rubra, Fagus sylvatica and Acer pseudoplatanus were also present in the stand, but their density was tenfold lower than the Acer platanoides and Tilia cordata saplings (Fig.  3) . We found three tree sapling species (Picea abies, Quercus robur, Fagus sylvatica) in pine stands with spruce as the second tree layer. GAM of species responses according to the CCA Axis I showed that only Acer platanoides in the shrub layer is associated with beech as the second tree layer (Fig. 4) . Almost all species in the herb and moss layers were associated with pine stands without beech as the second tree layer, except for Oxalis acetosella (Fig. 5 ). An examination of the understory herb and moss composition identified 14 species in Scots pine stands with beech as the second tree layer and 33 species in pine stands with spruce as the second tree layer. In stands with beech as the second tree layer, Acer platanoides, Acer peudoplatanus, Oxalis acetosella, Dryopteris filix-mas, and Dryopteris carthusiana were the most frequent species (Tab. 5). Moss species were totally absent in stands with beech as the second tree layer.
Discussion
Our data indicates that European beech planted under a Scots pine overstory reduces the understory vegetation cover and species diversity. Such changes could be caused by reduced light conditions, physical litter features or other related factors. It is generally thought that a conifer overstory allows for less understory diversity than does a deciduous tree overstory (Peterken 1996 , Kint 2005 . Barbier et al. (2008) stated that the assumption that a conifer overstory will always lead to lower species diversity may not be correct, and concluded that it is very difficult to generalize about the effects of tree species on understory diversity. Among deciduous species, beech stands have the lower vascular species diversity (Brunet et al. 1996 , Skov 1997 , while species such as pine and larch appear to promote understory species diversity (Barbier et al. 2008) . Mixed stands have been assumed to have a more species-rich flora than pure stands because they increase resource diversity (Hill 1992) .
Coniferous species also promote bryophyte species richness (Ewald 2000) . Previous studies have shown that, in European beech and Norway spruce stands, the relative abundance of spruce had a positive effect on bryophyte richness (Ewald 2000) . Conversely, in another study on hornbeam in oak forests (Kwiatkowska 1994) , an abundant second tree layer was found to have a negative effect on herbaceous species richness. Our results showed that pine stands with beech as second layer had lower diversity of ground vegetation.
Light plays an important role in forest growth (Kirby 1988 , Jennings et al. 1999 , Barbier et al. 2008 . Understory species vary in their optimal light requirements and canopy transmittance, depending on properties of the overstory tree species, which can be approximated from variables such as canopy closure or the leaf area index (LAI). Few studies have evaluated light conditions using different light-related ecological groups. Augusto et al. (2003) found that understory vegetation in Scots pine stands had higher Ellenberg's indicator values for light than understory vegetation in oak or spruce species' stands. Using ecological groups, Lücke & Schmidt (1997) showed that understory vegetation was more light-demanding in spruce and mixed spruce beech stands than in pure beech stands.
Other factors, such as soil, water and nutrients, have significant effects on the relationship between overstory and understory diversity (Barkman 1992 , Palik & Engstrom 1999 . The requirements for soil minerals and acidity/alkalinity differ among species (Ellenberg et al. 1992) . It is generally accepted that conifers produce a more acidic topsoil than deciduous plants, but this generalization is sometimes incorrect. Among deciduous species, beech produces more acidic topsoils than other hardwoods (Neirynck et al. 2000 , Hagen-Thorn et al. 2004 . In this study, soil pH did not differ significantly between a pine forest with beech as the second tree layer and a pine forest with spruce as the second tree layer. Aubert et al. (2004) also found a more acidic topsoil under pure beech than under a mixture of beech and hornbeam, and the acidity correlated with the higher number of acidophilous species under the pure beech stands.
Bryophytes and herbaceous species often do not have the same responses to soil modifications. Some authors consider acidic soil conditions to be favorable to bryophytes (Harris & Harris 1997 ), especially to their ability to cover the forest floor (Ewald 2000) .
Forest floor litter also has physical effects on understory vegetation (Facelli & Pickett 1991 , Ellsworth et al. 2004 ). Generally, a thicker litter layer is found under conifers than under deciduous trees. Bryophyte species are more sensitive to the physical effects of litter than vascular species (Hill 1979) . Ewald (2000) suggested that the higher abundance of mosses under spruce than under deciduous trees was a consequence of their ability to creep along the abundant litter without making contact with the mineral soil layer; however, the slow growth rate of bryophytes under the relatively large leaves of deciduous trees makes them sensitive to the degree of cover.
Conclusions
The main results of the investigation carried out may be summarized as follows: 1. Species diversity in pine stands with planted beech as the second tree layer was lower than in pine stands with spruce as the second layer. The cover of shrub, herbs and mosses layers was significantly lower, the soil humus (A) layer was thicker, and the organic (O) soil layer was thinner in pine stands with beech as the second tree layer. 2. Stand parameters such as mean volume and mean annual increment of the second tree layer were significantly higher in pine stands with planted beech second tree layers than in pine stand with a spruce second tree layer. Mean volume and mean annual increment of first tree layer (dominated by Scots pine) did not differ significantly between stands with planted beech and natural spruce understory. 3. Beech under a pine overstory had negative effects on understory species richness and abundance. This was most likely due to differences in light transmittance and in the physical properties of the litter under beech trees.
The above results should be taken into consideration by forest managers, especially when managing forests in protected areas.
